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DESCRIPTION 

FILM FORMATION METHOD 

Technical Field 

[0001] 

The present invention relates to a film formation 
method by CVD, and more specifically to a film 
formation method for forming a metal nitride film, such 
as a TiN family thin film, used as, e.g., a barrier 
layer, capacitor upper electrode, gate electrode, or 
contact portion in semiconductor devices. 

Background Art 

[0002] 

In recent years, multi-layered interconnection 
structures are being increasingly used for circuitry, 
because higher density and higher integration degree 
are required in manufacturing semiconductor devices. 
Under the circumstances, embedding techniques for 
electrical connection between layers have become 
important, e.g., at contact holes used as connections 
between an underlying semiconductor device and upper 
interconnection layers, and at via-holes used as 
connections between upper and lower interconnection 
layers. Further, in order to meat high dielectric 
constant materials, such as Ta 2 0 5 and Hf 0 2 , used as 
capacitor materials in, e.g.. DRAM memory sections, 
techniques for forming an upper electrode thereon with 
higher coverage have also become important, along with 



the increase in integration degree. 
[0003] 

Recently. TIN films are used as barrier layers for 
metal filled in contact holes and via-holes, and as 
upper electrodes in capacitors, as described above. 

[0004] 

Conventionally, PVD is utilized in methods for 
forming TiN films of this kind. However, in recent 
years, along with the increase in miniaturization and 
integration degree of devices, CVD is sometime utilized, 
because CVD can be expected to provide a film with 
better quality and higher coverage. 
[0005] 

Where a TiN film is formed by CVD, film formation 
is performed at a temperature of 500 to 600t: while 
TiCl4 used as a reactive gas and NH 3 or MMH 
(monomethylhydrazine) used as a nitrogen- containing 
reducing gas are supplied. Further, in order to 
prevent the underlayer from being affected by film 
formation, a technique has been proposed of alternately 
repeating a step of supplying a reactive gas and a 
reducing gas and a step of supplying only the reducing 
gas, thereby allowing the film formation to be 
performed at a low temperature of about 450*0 (Patent 
Document 1 ) . 
[0006] 

However, high dielectric constant materials, such 
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as Ta 2 0 5 and Hf0 2 , are sensitive to temperature. In 
addition, where a TiN film is formed thereon as an 
upper electrode, it is necessary to perform the film 
formation at a low temperature of less than 450*0 so as 
5 to prevent the underlayer from suffering thermal damage. 

In this respect, if the technique disclosed in Patent 
Document 1 is used to perform practical film formation 
at such a low temperature, abnormal growth occurs 
during formation of metal nitride films and causes 
10 problems, such as degradation in film quality and 

increase in resistivity. 
[0007] 

Further, there is a case where NiSi is used as a 
contact material, although NiSi is low in heat 
15 resistance. Accordingly, where a metal nitride film is 

formed on an NiSi underlayer, it is preferable to 
perform the film formation at a low temperature of 450"C 

or less. 

[0008] 

20 Furthermore, in recent years, along with the 

increase in density and integration degree being 
required, it has become necessary to improve step 
coverage . 

Patent Document 1: Jpn. Pat. Appln. KOKAI 
25 Publication No. 2003-77864 

Disclosure of Invention 

[0009] 
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An object of the present invention is to provide a 
film formation method which allows a metal nitride film 
to be formed with high quality and high step coverage 
by CVD at a low film formation temperature of less than 
5 450*0 . 

[0010] 

According to a first aspect of the present 
invention, there is provided a film formation method 
for forming a metal nitride film having a predetermined 
10 thickness on a target substrate by heating the target 

substrate at a film formation temperature within a 
process container and performing a cycle comprising a 
first step and a second step at least once, such that 
the first step is arranged to supply a metal compound 
15 gas and a nitrogen-containing reducing gas to form a 

film of a metal nitride by CVD. and the second step is 
arranged to stop the metal compound gas and supply the 
nitrogen-containing reducing gas, wherein, in film 
formation, the target substrate is set at a temperature 
20 of less than 450<C, the process container is set to have 

therein a total pressure of more than 100 Pa, and the 
nitrogen-containing reducing gas is set to have a 
partial pressure of 30 Pa or less within the process 
container in the first step. 

25 [0011] 

According to a second aspect of the present 
invention, there is provided a film formation method 
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for forming a TiN film having a predetermined thickness 
on a target substrate by heating the target substrate 
at a film formation temperature within a process 
container and performing a cycle comprising a first 
5 step and a second step at least once, such that the 

first step is arranged to supply a Ti compound gas and 
a nitrogen-containing reducing gas to form a film of 
TiN by CVD, and the second step is arranged to stop the 
Ti compound gas and supply the nitrogen-containing 
10 reducing gas, wherein, in film formation, the target 

substrate is set at a temperature of less than 450*0 , 
the process container is set to have therein a total 
pressure of more than 100 Pa. and the nitrogen- 
containing reducing gas is set to have a partial 
15 pressure of 30 Pa or less within the process container 

in the first step. 
[0012] 

According to a third aspect of the present 
invention, there is provided a film formation method 
20 for forming an initial metal nitride film having a 

first thickness on a target substrate by heating the 
target substrate at a film formation temperature within 
a process container and performing a cycle comprising a 
first step and a second step at least once, such that 
25 the first step is arranged to supply a metal compound 

gas and a nitrogen- containing reducing gas to form a 
film of a metal nitride by CVD, and the second step is 
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arranged to stop the metal compound gas and supply the 
nitrogen-containing reducing gas; and then forming 
thereon an additional metal nitride film having a 
second thickness by continuous CVD arranged to supply a 
5 metal compound gas and a nitrogen-containing reducing 

gas onto the target substrate, wherein, in formation of 
the initial metal nitride film, the target substrate is 
set at a temperature of less than 450*0. the process 
container is set to have therein a total pressure of 
10 more than 100 Pa, and the nitrogen- containing reducing 

gas is set to have a partial pressure of 30 Pa or less 
within the process container in the first step. 
[0013] 

According to a fourth aspect of the present 
15 invention, there is provided a film formation method 

for forming an initial metal nitride film having a 
first thickness on a target substrate by heating the 
target substrate at a film formation temperature within 
a process container and performing a cycle comprising a 
20 first step and a second step at least once, such that 

the first step is arranged to supply a metal compound 
gas and a nitrogen-containing reducing gas to form a 
film of a metal nitride by CVD, and the second step is 
arranged to stop the metal compound gas and supply the 
25 nitrogen-containing reducing gas; and then forming 

thereon an additional metal nitride film having a 
second thickness by performing a cycle comprising the 
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10 



15 



20 



25 



first step and the second step at least once, wherein, 
in formation of the initial metal nitride film, the 
target substrate is set at a temperature of less than 
450*0. the process container is set to have therein a 
total pressure of more than 100 Pa. and the nitrogen- 
containing reducing gas is set to have a partial 
pressure of 30 Pa or less within the process container 
in the first step, and wherein, in formation of the 
additional metal nitride film, the nitrogen-containing 
reducing gas is set to have a partial pressure of more 
than 30 Pa within the process container in the first 
step. 

[0014] 

According to a fifth aspect of the present 
invention, there is provided a film formation method 
for forming a metal nitride film having a predetermined 
thickness on a target substrate by heating the target 
substrate at a film formation temperature within a 
process container and performing a cycle comprising a 
first step and a second step at least once, such that 
the first step is arranged to supply a metal compound 
gas and a nitrogen-containing reducing gas to form a 
film of a metal nitride by CVD. and the second step is 
arranged to stop the metal compound gas and supply the 
nitrogen-containing reducing gas, wherein, in film 
formation, the target substrate is set at a temperature 
of less than 450*0. and the process container is set to 
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have therein a total pressure of more than 100 Pa, and 
wherein the metal nitride film is set to have a 
resistivity R of 800 juQ-cm or less calculated by a 

following formula (A) ; 
5 R = 115.75xLn(T nk ) + 71 . 576xLn(P N ) + 418.8 ...(A) 

where P N (Pa) denotes a partial pressure of the 
nitrogen-containing reducing gas within the process 
container in the first step, and T hk (nm) denotes a 
film thickness obtained by the cycle performed once. 

10 [0015] 

According to a sixth aspect of the present 
invention, there is provided a film formation method 
for forming a metal nitride film having a predetermined 
thickness on a target substrate by heating the target 
substrate at a film formation temperature within a 
process container and performing a cycle comprising a 
first step and a second step at least once, such that 
the first step is arranged to supply a metal compound 
gas and a nitrogen-containing reducing gas to form a 
film of a metal nitride by CVD, and the second step is 
arranged to stop the metal compound gas and supply the 
nitrogen-containing reducing gas, wherein, in film 
formation, the target substrate is set at a temperature 
of less than 450<C. and the process container is set to 
have therein a total pressure of more than 100 Pa, and 
wherein the metal nitride film is set to have a 
resistivity R of 800 ^-cn> or less calculated by a 



15 



20 



25 
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following formula ( B ) ; 

R = 115.75xLn(T hk ) + 71.576xLn(P N ) - 57 . 685xLn(F N ) 

+ 614 . . . (B) 

where P N (Pa) denotes a partial pressure of the 
5 nitrogen-containing reducing gas within the process 

container in the first step. T hk (nm) denotes a film 
formation thickness obtained by the cycle performed 
once, and F N (mL/min) denotes a flow rate of the 
nitrogen-containing reducing gas in the first step. 

10 [0016] 

According to a seventh aspect of the present 
invention, there is provided a film formation method 
for forming a metal nitride film having a predetermined 
thickness on a target substrate by heating the target 
15 substrate at a film formation temperature within a 

process container and performing a cycle comprising a 
first step and a second step at least once, such that 
the first step is arranged to supply a metal compound 
gas and a nitrogen- containing reducing gas to form a 
20 film of a metal nitride by CVD, and the second step is 

arranged to stop the metal compound gas and supply the 
nitrogen-containing reducing gas, wherein, in film 
formation, the target substrate is set at a temperature 
of less than 450*0, and the process container is set to 
25 have therein a total pressure of more than 100 Pa, and 

wherein the metal nitride film is set to have a 
resistivity R of 800 £iQ-cm or less calculated by a 
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following formula (C); 

R = 115.75*Ln(T hk ) + 71 . 576xLn( P N ) -57 . 685*Ln(F N ) 
- 2844.6Ln(T w ) + 17658.3 ...(C) 

where P N (Pa) denotes a partial pressure of the 
5 nitrogen- containing reducing gas within the process 

container in the first step, T hk (nm) denotes a film 
formation thickness obtained by the cycle performed 
once, F N (mL/min) denotes a flow rate of the nitrogen- 
containing reducing gas in the first step, and T w (*C) 
10 denotes temperature of the target substrate. 

[0017] 

According to an eighth aspect of the present 
invention, there is provided a computer readable medium 
containing software for a computer to control a film 
15 formation apparatus, so as to form a metal nitride film 

having a predetermined thickness on a target substrate 
by heating the target substrate at a film formation 
temperature within a process container and performing a 
cycle comprising a first step and a second step at 
20 least once, such that the first step is arranged to 

supply a metal compound gas and a nitrogen -containing 
reducing gas to form a film of a metal nitride by CVD, 
and the second step is arranged to stop the metal 
compound gas and supply the nitrogen-containing 
25 reducing gas, wherein, in film formation, the target 

substrate is set at a temperature of less than 450 C C, 
the process container is set to have therein a total 



pressure of more than 100 Pa, and the nitrogen- 
containing reducing gas is set to have a partial 
pressure of 30 Pa or less within the process container 
in the first step. 
[0018] 

According to a ninth aspect of the present 
invention, there is provided a computer readable medium 
containing software for a computer to control a film 
formation apparatus, so as to form a TiN film having a 
predetermined thickness on a target substrate by 
heating the target substrate at a film formation 
temperature within a process container and performing a 
cycle comprising a first step and a second step at 
least once, such that the first step is arranged to 
supply a Ti compound gas and a nitrogen-containing 
reducing gas to form a film of TiN by CVD, and the 
second step is arranged to stop the Ti compound gas and 
supply the nitrogen-containing reducing gas, wherein, 
in film formation, the target substrate is set at a 
temperature of less than 450t:. the process container is 
set to have therein a total pressure of more than 100 
Pa, and the nitrogen-containing reducing gas is set to 
have a partial pressure of 30 Pa or less within the 
process container in the first step. 
[0019] 

According to a tenth aspect of the present 
invention, there is provided a computer readable medium 
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containing software for a computer to control a film 
formation apparatus, so as to form a metal nitride film 
having a predetermined thickness on a target substrate 
by heating the target substrate at a film formation 
5 temperature within a process container and performing a 

cycle comprising a first step and a second step at 
least once, such that the first step is arranged to 
supply a metal compound gas and a nitrogen- containing 
reducing gas to form a film of a metal nitride by CVD, 
10 and the second step is arranged to stop the metal 

compound gas and supply the nitrogen- containing 
reducing gas. wherein, in film formation, the target 
substrate is set at a temperature of less than 450*0, 
and the process container is set to have therein a 
15 total pressure of more than 100 Pa, and wherein the 

metal nitride film is set to have a resistivity R of 
800 AiQ-cm or less calculated by a following formula 
(A); 

R = 115.75*Ln(T hk ) + 71 . 576*Ln(P N ) + 418.8 ...(A) 
20 where P N (Pa) denotes a partial pressure of the 

nitrogen- containing reducing gas within the process 
container in the first step, and T hk (nm) denotes a 
film thickness obtained by the cycle performed once. 
[0020] 

25 According to an eleventh aspect of the present 

invention, there is provided a computer readable medium 
containing software for a computer to control a film 
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formation apparatus, so as to form a metal nitride film 
having a predetermined thickness on a target substrate 
by heating the target substrate at a film formation 
temperature within a process container and performing a 

5 cycle comprising a first step and a second step at 

least once, such that the first step is arranged to 
supply a metal compound gas and a nitrogen-containing 
reducing gas to form a film of a metal nitride by CVD, 
and the second step is arranged to stop the metal 

10 compound gas and supply the nitrogen- containing 

reducing gas, wherein, in film formation, the target 
substrate is set at a temperature of less than 450^, 
and the process container is set to have therein a 
total pressure of more than 100 Pa, and wherein the 

15 metal nitride film is set to have a resistivity R of 

800 /zQ-cm or less calculated by a following formula 
(B); 

R = 115.75xLn(T hk ) + 71 . 576xLn(P N ) - 57 . 685*Ln(F N ) 
+ 614 . . . (B) 

20 where P N (Pa) denotes a partial pressure of the 

nitrogen-containing reducing gas within the process 
container in the first step, T hk (nm) denotes a film 
formation thickness obtained by the cycle performed 
once, and F N (mL/min) denotes a flow rate of the 

25 nitrogen-containing reducing gas in the first step. 

[0021] 

According to a twelfth aspect of the present 
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invention, there is provided a computer readable medium 
containing software for a computer to control a film 
formation apparatus, so as to form a metal nitride film 
having a predetermined thickness on a target substrate 
5 by heating the target substrate at a film formation 

temperature within a process container and performing a 
cycle comprising a first step and a second step at 
least once, such that the first step is arranged to 
supply a metal compound gas and a nitrogen -containing 
10 reducing gas to form a film of a metal nitride by CVD, 

and the second step is arranged to stop the metal 
compound gas and supply the nitrogen-containing 
reducing gas, wherein, in film formation, the target 
substrate is set at a temperature of less than 450^, 
15 and the process container is set to have therein a 

total pressure of more than 100 Pa, and wherein the 
metal nitride film is set to have a resistivity R of 
800 AiQ-cm or less calculated by a following formula 
(C); 

20 R = 115.75*Ln(T hk ) + 71 . 576*Ln(P N ) -57 . 685*Ln(F N ) 

- 2844.6Ln(T w ) + 17658.3 ...(C) 

where Pn (Pa) denotes a partial pressure of the 
nitrogen- containing reducing gas within the process 
container in the first step, T hk (run) denotes a film 
25 formation thickness obtained by the cycle performed 

once, F N (mL/min) denotes a flow rate of the nitrogen- 
containing reducing gas in the first step, and T w ("C) 
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denotes temperature of the target substrate. 
[0022] 

According to the first and second aspects of the 
present invention, the nitrogen-containing reducing gas 
5 is set to have a partial pressure of 30 Pa or less . 

With this arrangement, the film formation rate is 
decreased to prolong the time period for the reaction 
between the metal compound gas and nitrogen -containing 
reducing gas, so the metal compound gas is sufficiently 
10 subjected to a reduction process by the nitrogen- 

containing reducing gas. Further, the total pressure 
is set to be more than 100 Pa, by which high step 
coverage is realized. Consequently, a high quality 
metal nitride film, such as a TIN film, with a low 
15 resistivity and very little abnormal growth, can be 

formed with high step coverage, even at a low 
temperature of less than 450*0. In this respect, 
conventionally, where a metal compound gas and a 
nitrogen-containing reducing gas are used to form a 
20 metal nitride film, the nitrogen-containing reducing 

gas is set to have a high partial pressure to perform 
the film formation with a high film formation rate. 
However, according to the present invention, the 
nitrogen-containing reducing gas is set to have a 
25 partial pressure of 30 Pa or less, as described above. 

With this arrangement, a high quality metal nitride 
film can be formed even where the film formation is 
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performed at a low temperature. 
[0023] 

According to the third and fourth aspects of the 
present invention, an initial metal nitride film having 
5 a first thickness is formed by a method according to 

the first and second aspects, respectively, and then an 
additional metal nitride film having a second thickness 
is formed by a method that can perform film formation 
with high throughput. In this case, the initial metal 
10 nitride film that can affect the underlayer is formed 

at a low temperature to be a high quality film with a 
low resistivity, and then the additional metal nitride 
film that does not affect the underlayer is formed with 
high throughput. Consequently, it is possible not only 
15 to perform film formation at a low temperature to form 

a high quality metal nitride film with a low 
resistivity, but also to improve the throughput of film 
formation of the metal nitride film. 
[0024] 

20 According to the fifth aspect of the present 

invention, an optimum combination of the partial 
pressure of the nitrogen-containing reducing gas and 
the number of intermittent supply cycles is selected in 
consideration of the influence applied from both of 

25 them on the film quality of a metal nitride film, while 

the total pressure is set to be more than 100 Pa. 
Consequently, a high quality metal nitride film, such 
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as a TIN film, can be formed with high step coverage, 
at a low temperature of less than 450t:, without a 
needless increase in the number of cycles. In this 
respect, conventionally, where a metal compound gas and 
5 a nitrogen-containing reducing gas are intermittently 

supplied to form a metal nitride film, it is known that, 
along with an increase in the number of intermittent 
supply repetitions (cycles), the resistivity of the 
metal nitride film is decreased and the quality of the 
10 metal nitride film is improved, but the throughput 

becomes very low. According to the present invention, 
however, the partial pressure of the nitrogen- 
containing reducing gas and the number of intermittent 
supply cycles are optimized, whereby a high quality 
15 metal nitride film can be formed at a low temperature 

without extremely deteriorating the throughput. 
[0025] 

According to the sixth and seventh aspects of the 
present invention, in addition to the partial pressure 

20 of the nitrogen-containing reducing gas and the number 

of intermittent supply cycles, other parameters 
influential on the film quality, i.e., the flow rate of 
the nitrogen-containing reducing gas and the 
temperature of the target substrate, are considered to 

25 select an optimum combination of the parameters for 

forming a metal nitride film. Consequently, a high 
quality metal nitride film, such as a TiN film, can be 
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more reliably formed with high step coverage, at a low 
temperature of less than 450 C C . 

Brief Description of Drawings 

[0026] 

5 [FIG. 1] FIG. 1 is a sectional view schematically 

showing an example of the structure of a film formation 
apparatus used for a film formation method according to 
the present invention. 

[FIG. 2] FIG. 2 is a diagram showing an example of 
10 gas supply control used in a film formation method 

according to an embodiment of the present invention. 

[FIG. 3] FIG. 3 is a graph showing an effect 
obtained by a film formation method according to a 
first embodiment of the present invention. 
15 [FIG. 4] FIG. 4 is a view showing the relationship 

between the NH 3 gas partial pressure used in the first 
step and the resistivity of a formed TiN film. 

[FIG. 5] FIG. 5 is a view showing the relationship 
between the thickness of a TiN film formed by one cycle 
20 and the resistivity of a formed TiN film. 

[FIG. 6] FIG. 6 is a view showing the relationship 
between the NH 3 gas flow rate used in the first step 
and the resistivity of a formed TiN film. 

[FIG. 7] FIG. 7 is a view showing the relationship 
25 between the temperature of a semiconductor wafer during 

film formation and the resistivity of a formed TiN film. 
[FIG. 8] FIG. 8 is a graph showing the 
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relationship between the one-cycle film thickness T hk , 
which is denoted on the horizontal axis, and the TiN 
film resistivity R calculated by a formula (7). which 
is denoted on the vertical axis . 

5 [FIG. 9] FIG. 9 is a graph showing the 

relationship between the TiN film resistivity R 
calculated by the formula (7) and the actual 
resistivity thereof. 

[FIG. 10] FIG. 10 is a sectional view showing an 

10 example where a TiN thin film formed by a film 

formation method according to the present invention is 
used at a contact portion of a metal interconnection 
layer . 

[FIG. 11] FIG. 11 is a sectional view showing an 
15 example where a TiN thin film formed by a film 

formation method according to the present invention is 
used in a capacitor structure, such as a DRAM. 

[FIG. 12] FIG. 12 is a sectional view showing 
another example where a TiN thin film formed by a film 
20 formation method according to the present invention is 

used in a capacitor structure, such as a DRAM. 

[FIG. 13] FIG. 13 is a sectional view showing an 
alternative example where a TiN thin film formed by a 
film formation method according to the present 
25 invention is used in a capacitor structure, such as a 

DRAM. 

Best Mode for Carrying Out the Invention 
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[0027] 

Embodiments of the present invention will now be 
described with reference to the accompanying drawings. 
In the embodiments, an explanation will be given 
5 of a case where TiCl 4 gas is used as a metal compound 

gas and NH3 gas is used as a nitrogen-containing 
reducing gas to form a thin film of titanium nitride 
(TiN) by thermal CVD. 
[0028] 

10 FIG. 1 is a structural view schematically showing 

an example of a film formation apparatus used for a 
film formation method according to the present 
invention . 

[0029] 

15 The film formation apparatus 40 includes a 

substantially cylindrical airtight chamber 51. The 
chamber 51 is provided with a susceptor 52 disposed 
therein for supporting a target substrate or wafer W in 
a horizontal state. The susceptor 52 is supported by a 

20 cylindrical support member 53 disposed therebelow at 

the center. The susceptor 52 is made of a ceramic, 
such as A1N, and has a guide ring 54 disposed on the 
edge to guide the wafer W. The susceptor 52 is 
provided with a heater 55 built therein. The heater 55 

25 is supplied with a power from a power supply 56 to heat 

the target substrate or wafer W to a predetermined 
temperature. Further, the susceptor 52 is provided 
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with an electrode 58 built therein above the heater 55 
and used as a lower electrode. 
[0030] 

The chamber 51 has a transfer port 92 formed in 
5 the sidewall and provided with a gate valve G. The 

wafer W is transferred by a wafer transfer unit (not 
shown) between the susceptor 52 and an external wafer 
transfer chamber (not shown) held in a vacuum state, 
through the gate valve G. 
10 [0031] 

The susceptor 52 is provided with a plurality of 
lifter pins 89 that penetrate a mount region for 
placing the wafer W thereon. The lifter pins 89 are 
used for moving the wafer W up and down when the wafer 
15 w is transferred between the wafer transfer unit (not 

shown) and the mount region. The lifter pins 89 are 
driven up and down by an elevating mechanism 91 through 
a driving arm 90. 
[0032] 

20 The bottom of the chamber 51 is provided with an 

exhaust container 86 connected to an exhaust unit 88 
through an exhaust line 87. The exhaust unit 88 can be 
operated to uniformly exhaust the chamber 51 and to 
decrease the inner pressure thereof to a predetermined 

25 vacuum level. 

[0033] 

A showerhead 60 is disposed on the ceiling wall 
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51a of the chamber 51. The showerhead 60 is formed of 
an upper block body 60a, a middle block body 60b, and a 
lower block body 60c. 
[0034] 

5 Discharge holes 67 and 68 for discharging gases 

are alternately formed in the lower block body 60c. On 
the other hand, a first gas introducing port 61 and a 
second gas introducing port 62 are formed in the upper 
surface of the upper block body 60a. The first gas 

10 introducing port 61 is divided into a number of gas 

passages 63 in the upper block body 60a. The middle 
block body 60b has gas passages 65 formed therein, 
which communicate with the gas passages 63 through 
communication passages 63a extending horizontally. The 

15 gas passages 65 communicate with the discharge holes 67 

formed in the lower block body 60c. The second gas 
introducing port 62 is divided into a number of gas 
passages 64 in the upper block body 60a. The middle 
block body 60b has gas passages 66 formed therein, 

20 which communicate with the gas passages 64. The gas 

passages 66 are connected to communication passages 66a 
extending horizontally in the middle block body 60b. 
The communication passages 66a communicate with a 
number of discharge holes 68 formed in the lower block 

25 body 60c. The first and second gas introducing ports 

61 and 62 are respectively connected to a gas supply 
mechanism 110 described later. 
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[0035] 

The gas supply mechanism 110 includes a C1F 3 gas 
supply source 111 for supplying C1F 3 gas used as a 
cleaning gas. a TiCl 4 gas supply source 112 for 
5 supplying TiCl 4 gas used as a Ti-containing gas, a 

first N 2 gas supply source 113 for supplying N 2 gas, an 
NH 3 gas supply source 114 for supplying NH 3 gas used as 
a nitriding gas. and a second N 2 gas supply source 115 
for supplying N 2 gas. The C1F 3 gas supply source 111 
10 is connected to a C1F 3 gas supply line 116. the TiCl 4 

gas supply source 112 is connected to a TiCl 4 gas 
supply line 117. the first N 2 gas supply source 113 is 
connected to a first N 2 gas supply line 118, the NH 3 
gas supply source 114 is connected to an NH 3 gas supply 
15 line 119, and the second N 2 gas supply source 115 is 

connected to a second N 2 gas supply line 120. Further, 
the gas supply mechanism 110 includes an Ar gas supply 
source (not shown). Each of the gas supply lines is 
provided with a mass-flow controller 122 and two valves 
20 121 one on either side of the controller 122. 

[0036] 

The first gas introducing port 61 of the 
showerhead 60 is connected to the TiCl 4 gas supply line 
117 extending from the TiCl 4 gas supply source 112. 
25 The TiCl 4 gas supply line 117 is connected to the C1F 3 

gas supply line 116 extending from the C1F 3 gas supply 
source 111, and is also connected to the first N 2 gas 



supply line 118 extending from the first N 2 gas supply 
source 113. The second gas introducing port 62 is 
connected to the NH 3 gas supply line 119 extending from 
the NH 3 gas supply source 114. The NH 3 gas supply line 
119 is connected to the second N 2 gas supply line 120 
extending from the gas supply source 115. 
[0037] 

According to this arrangement, when a process is 
performed, TiCl 4 gas from the TiCl 4 gas supply source 
112 and N 2 gas from the first N 2 gas supply source 113 
are supplied into the TiCl 4 gas supply line 117. This 
mixture gas flows through the first gas introducing 
port 61 into the showerhead 60, and is then guided 
through the gas passages 63 and 65 and discharged into 
the chamber 51 through discharge holes 67. On the 
other hand, NH 3 gas used as a nitrogen-containing 
reducing gas from the NH 3 gas supply source 114 and N 2 
gas from the second N 2 gas supply source 115 are 
supplied into the NH 3 gas supply line 119. This 
mixture gas flows through the second gas introducing 
port 62 into the showerhead 60, and is then guided 
through the gas passages 64 and 66 and discharged into 
the chamber 51 through discharge holes 68. 
[0038] 

In other words, the showerhead 60 is of a post-mix 
type in which TiCl4 gas and NH 3 gas are supplied into 
the chamber 51 separately from each other. TiCl 4 gas 



and NH 3 gas react with each other by thermal energy 
after they are discharged and mixed. 
[0039] 

The valves 121 and mass-flow controllers 122 are 
controlled by a controller 123. 
[0040] 

The respective components of the film formation 
apparatus 40 are connected to and controlled by a 
process controller 130. The process controller 130 is 
connected to a user interface 131 including, e.g. a 
keyboard and a display, wherein the keyboard is used 
for a process operator to input commands for operating 
the film formation apparatus 40, and the display is 
used for showing visualized images of the operational 
status of the plasma processing apparatus 40. 
[0041] 

Further, the process controller 130 is connected 
to a storage section 132 that stores control programs 
for the process controller 130 to control the film 
formation apparatus 40 so as to perform various 
processes, and programs or recipes for respective 
components of the film formation apparatus 40 to 
perform processes in accordance with process conditions. 
Recipes may be stored in a hard disk or semiconductor 
memory, or stored in a portable storage medium, such as 
a CDROM or DVD, to be attached to a predetermined 
position in the storage section 132. Further, recipes 
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may be transmitted from another apparatus through, e.g., 
a dedicated line, as needed. 
[0042] 

A required recipe is retrieved from the storage 
5 section 132 and executed by the process controller 130 

in accordance with an instruction or the like through 
the user interface 131. As a consequence, the film 
formation apparatus 40 can perform a predetermined 
process under the control of the process controller 130. 
10 [0043] 

Next, an explanation will be given of a film 
formation method according to a first embodiment 
performed in this apparatus. 

At first, the interior of the chamber 51 is 
15 exhausted by the exhaust unit 88 at full throttle, and 

N2 gas is supplied from the first and second gas supply 
sources 113 and 115 through the showerhead 60 into the 
chamber 51. In this state, the interior of the chamber 
51 is pre-heated by the heater 55. When the 
20 temperature becomes stable, N2 gas, NH3 gas, and TiCl4 

gas are supplied respectively from the first N2 gas 
supply source 113, NH 3 gas supply source 114, and TiCl4 
gas supply source 112 through the showerhead 60 into 
the chamber 51 at predetermined flow rates, while the 
25 pressure inside the chamber 51 is maintained at a at a 

predetermined value. The TiCl4 gas is first caused to 
flow through a pre-flow line (not shown) to stabilize 
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the flow rate, and is then switched to flow through the 
showerhead 60 into the chamber 51. By doing so, a TIN 
pre-coating film is formed on the surface of the 
members within the chamber 51, such as the inner wall 
5 of the chamber 51, susceptor 52, guide ring 54, and 

showerhead 60, which are heated by the heater 55. 
[0044] 

When the pre-coating process is finished, the NH 3 
gas and TiCl 4 gas are stopped, and N 2 gas is supplied 
10 as a purge gas from the first and second N 2 gas supply 

sources 113 and 115 into the chamber 51 to purge the 
interior of the chamber 51. Then, as needed, N 2 gas 
and NH 3 gas are supplied to perform a nitriding process 
on the surface of the TIN pre-coating film, so as to 
15 stabilize the pre-coating film. 

[0045] 

Thereafter, the interior of the chamber 51 is 
quickly vacuum- exhausted by the exhaust unit 88 at full 
throttle. In this state, the gate valve G is opened. 

20 and a wafer W is transferred through the transfer port 

92 into the chamber 51. Then, N 2 gas is supplied into 
the chamber 51 and the wafer W is pre -heated. When the 
wafer temperature becomes substantially stable at a 
film formation temperature, TiN film formation is 

25 started. 

[0046] 

When a TiN film is formed, the wafer temperature 
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is set by the heater 55 to be less than 450"C, 
preferably less than 400*0, more preferably 350*0 or 
less. With this temperature, the film formation can be 
performed without causing damage to the underlayers 
5 even where the underlayers include a film of a 

capacitor material, such as Ta20s, Hf 0 2 . HfSiO, PZT, 
BST, RuC>2, or ReC>2, or a film of a contact material 
sensitive to heat, such as NiSi. 
[0047] 

10 The TiN film is formed in accordance with the 

timing chart shown in FIG. 2 while the wafer 
temperature is set, as described above. At first, a 
first step of forming a TiN thin film by thermal CVD is 
performed. In this step, TiCl 4 gas Gl and NH 3 gas G2 

15 are supplied into the chamber 51 from the TiCl 4 gas 

supply source 112 and NH3 gas supply source 114, 
respectively, while being carried by N2 gas G3 from the 
first and second N 2 gas supply sources 113 and 115, 
respectively. Then, TiCl4 gas Gl and NH3 gas G2 are 

20 stopped, and N2 gas G3 is supplied as a purge gas from 

a purge gas line (not shown) into the chamber 51 to 
purge the interior of the chamber 51. Then, a second 
step of annealing is performed, wherein NH3 gas G2 is 
supplied into the chamber 51 from the NH 3 gas supply 

25 source 114 while being carried by N 2 gas G3 from the 

second N 2 gas supply source 115. Then, NH3 gas G2 is 
stopped, and N2 gas G3 is supplied as a purge gas from 
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a purge gas line (not shown) into the chamber 51 to 
purge the interior of the chamber 51. 
[0048] 

A cycle comprising the steps described above is 
5 performed at least once, and preferably repeated a 

plurality of times, more preferably three times or more, 
such as 12 to 24 times. The gas switching for this is 
performed by switching valves under the control of the 
controller 123. 

10 [0049] 

As described above, the cycle comprising the steps 
described above is performed at least once to form a 
TiN film having an aimed thickness on the wafer W. For 
example, the thickness of the TiN film is set to be 5 
15 to 100 nm, and preferably 10 to 50 nm. 

[0050] 

It may be arranged such that a gas containing 
nitrogen atoms or hydrogen atoms is supplied before the 
TiN film is formed to slightly nitride the surface of 
20 insulating films. 

[0051] 

Incidentally, in such film formation performed at 
a low temperature of less than 450*0, if the NH 3 partial 
pressure is set to be as high as that used for film 
25 formation of a conventional TiN film, abnormal growth 

occurs and thereby causes degradation in film quality 
and increase in resistivity. 
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[0052] 

Accordingly, in this embodiment, the NH 3 partial 
pressure is set to be 30 Pa or less in the first step 
of forming a TiN film. With this arrangement, it is 
5 possible to perform practical film formation with very 

little abnormal growth so as to form a high quality TiN 
film with a low resistivity. The NH 3 partial pressure 
can be adjusted by the flow rate of N 2 gas supplied as 
a dilution gas. 
10 [0053] 

Conventionally, where a TiN film is formed, since 
the film formation rate is in proportion to the partial 
pressure of NH 3 gas used as a reducing gas, the NH 3 
partial pressure is set to be as high as possible 
15 within a range in which no harmful by-product powder is 

generated, so as to attain high throughput film 
formation. In contrast to this common practice 
according to the conventional technique, the present 
embodiment sets the NH 3 partial pressure to be as low 
20 as 30 Pa or less. With this arrangement, the film 

formation rate is decreased to prolong the time period 
for the reaction between TiCl 4 and NH 3 , so TiCl 4 is 
sufficiently subjected to a reduction process by NH 3 . 
Consequently, the film formation can be performed at a 
25 low temperature, as described above. 

[0054] 

The NH 3 partial pressure is preferably set to be 
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20 Pa or less in order to expand the process margin of 
film formation, which can be performed with very little 
abnormal growth so as to form a high quality TiN film 
with a low resistivity. The NH 3 partial pressure is 
5 more preferably set to be 15 Pa or less. 

[0055] 

Further, in this TiN film formation process, the 
total pressure inside the chamber 51 is set to be 
higher than 100 Pa during both of the first step and 

10 second step. With this arrangement, the step coverage 

is improved. The upper limit of the total pressure 
inside the chamber 51 is not necessary specified, but 
the practical upper limit is about 1,300 Pa in 
consideration of the apparatus performance. The upper 

15 limit is preferably set to be more that 100 Pa and not 

more than 667 Pa. 
[0056 ] 

According to the conventional film formation 
process of a TiN film, the total pressure inside the 

20 chamber 51 is set to be as low as 100 Pa or less during 

the film formation, so as to suppress abnormal growth 
of the TiN film, thereby providing the film with good 
surface morphology. However, in this case, a problem 
arises such that the step coverage is deteriorated. On 

25 the other hand, according to this embodiment, the NH 3 

partial pressure is decreased to suppress abnormal 
growth thereby forming a high quality film. 
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Consequently, the total pressure inside the chamber 51 
is allowed to be higher than 100 Pa, so as to improve 
both of the film quality and step coverage. 
[0057] 

5 For example, the film thickness obtained by one 

cycle is 0.25 to 2.50 nm. 
[0058] 

An experiment was conducted to confirm the matters 
described above, and the result shown in FIG. 3 was 

10 thereby obtained. FIG. 3 shows the relationship 

between the partial pressure (Pa) of NH3 gas G2 and the 
resistivity (£iQ-cm) of a formed TiN film, where the 
intermittent gas supply shown in FIG. 2 was used to 
perform the film formation while the temperature of a 

15 film formation object or wafer W (film formation 

temperature ) was set at 380*0 . The total pressure 
inside the chamber was set at 260 Pa. 
[0059] 

As shown in FIG. 3, it is apparent that, along 
20 with increase in the film thickness obtained by one 

cycle, the necessary number of cycles is decreased. 
For example, where a TiN film is formed to have a final 
film thickness of 16 nm, and the one-cycle film 
thickness T^k is set at 2.00 nm, 1.00 nm, 0.50 nm, and 
25 0.25 nm, the necessary number of cycles is 8, 16, 32, 

and 64, respectively. As the one-cycle film thickness 
is larger and the number of cycles is smaller, the 



throughput becomes higher, although abnormal growth and 
resistivity increase can easily occur. 
[0060] 

It has been confirmed from FIG. 3 that, where the 
partial pressure of NH3 gas G2 is set to be 30 Pa or 
less, a practical film thickness of 0.50 nm (32 cycles) 
for the one- cycle film thickness can provide a 
resistivity of 800 uQ-cm or less. A resistivity 
within this range is appropriate for an upper electrode 
and also prevents abnormal growth. Further, it has 
been confirmed that, where the partial pressure of NH3 
gas G2 is set to be 20 Pa or less, a larger value, such 
as 1.00 nm (16 cycles) or 2.00 nm (8 cycles), for the 
one-cycle film thickness can provide a film with a low 
resistivity and no abnormal growth. 

[0061] 

The other conditions are as follows . The partial 
pressure of TiCl4 gas Gl in the first step is set to be, 
e.g. , 1 to 100 Pa, and preferably to be more than 10 Pa 
and not more than 100 Pa in consideration of 
improvement of the step coverage . The partial pressure 
of NH3 gas G2 in the second step is set to be, e.g., 10 
to 1,300 Pa, preferably more than 40 Pa, and more 
preferably more than 100 Pa. In other words, it is 
preferable that the pressure of NH3 gas occupies most 
of the gas pressure. As regards flow rates of supplied 
gases, TiCl4 gas Gl is set to be, e.g., 5 to 200 mL/min. 



NH 3 gas G2 is set to be, e.g., 5 to 300 mL/min for film 
formation in the first step, and to be. e.g., 30 to 
5,000 mL/min for annealing in the second step. N 2 gas 
G3 for purging is set to be. e.g., 50 to 5.000 mL/min, 
and preferably 50 to 1,000 mL/min. 
[0062] 

In order to form a high quality film while further 
suppressing abnormal growth, the flow rate of NH 3 gas 
G2 in the first step is preferably set to be 20 mL/min 
or more. There is no specific upper limit for this 
flow rate, but a range of 20 to 300 mL/min is 
practically adopted. 
[0063] 

In light of conditions other than the NH 3 gas 
partial pressure and total pressure in the first step, 
preferable conditions are as follows. 

Total pressure: more than 100 Pa, 

NH 3 partial pressure in first step: 30 Pa or less 
(preferably 20 Pa or less, and more preferably 15 Pa), 

TiCl4 gas partial pressure: more than 10 Pa and 
not more than 100 Pa, 

NH 3 gas flow rate in first step: 20 mL/min or more, 

and 

One-cycle film thickness: 0.50 run or less where 
NH 3 partial pressure is 30 Pa or less, and 2.00 nm or 
less where NH 3 partial pressure is 20 Pa or less. 

[0064] 
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/, ac qhown in FIG. 2, the 
meD a TIN film is formed, as shown 

i<! set to be, e.g., * to 
time period of the first step xs 
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[0065] 

el .. n i S finished, NH 3 
When the TiN film formatron step 

~a *nd N-> gas is supplies, 
gas and TiCl 4 gas are stopped, and N 2 g 

line (not shown) at 
as a purge gas through a purge gas Irne 

, « « s to 10 L/min to purge the 
a flo w rate preferably of 0.5 

*i Then N-> gas and NH3 9as 
interior of the chamber 51. Then. 2 
ar e supplied to perform a nitridatlon process on the 
5 su rface of the « thin film formed on the wafer « * 

this time. H 2 ,as is supplied from one or both of the 

„„„ rrpq 113 and 115. J-r 
£ irst and second N 2 gas supply sources 

^ri that this nitridation process is 
should be noted that 

dispensable. 

on [0066] , 

When a predetermined time has elapsed. » 2 gas and 

NH3 gas are gradually decreased until the gases are 

completely stopped to finish the process. 



[0067] 

this first embodiment, film 
As described above, in this 

tlon is performed by alternate gas flows, i.e., 
formation is per Durgi ng interposed 

the first step and second step, with purgi 
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therebetween, under a film formation temperature of 
less than 450^, and preferably less than 400*0. such as 
380T;. During this film formation, the partial pressure 
of a nitrogen- containing reducing gas or NH 3 gas G2 is 
set to be 30 Pa or less, preferably 20 Pa or less, and 
more preferably less that 15 Pa. Consequently, a TiN 
film which is formed with sufficient time by a 
suppressed film formation rate in the first step is 
efficiently dechlorinated by annealing of the second 
step to decrease the residual chlorine in the film to a 
very low level. As a result, even where the film 
formation is performed at a low temperature, a high 
quality TiN film can be formed with very little 
residual chlorine and a low resistivity. Further, 
since the total pressure is set to be as high as more 
than 100 Pa, the step coverage is improved. 
[0068] 

in other words, a high quality TiN film with a low 
resistivity and no abnormal growth can be formed with 
high step coverage, at a low temperature of less than 
450T:. and preferably less than 400*0. With this 
temperature, the film formation can be performed 
without causing damage to the underlayers even where 
the underlayers include a high dielectric constant film 
used as a capacitor material in DRAM memory sections, 
such as Ta 2 0 5 . Hf 0 2 . HfSiO. PZT, BST, Ru0 2 , or Re0 2 . or 
a film sensitive to heat, such as NiSi. used as a 



contact material. 
[0069] 

It may be arranged such that the alternate type 
film formation with an NH 3 partial pressure of 30 Pa or 
less described above is performed at a low temperature 
of less than 450t: (a first film formation step) only in 
the initial stage of the film formation until a TiN 
thin film reaches a thickness that can cut off the 
influence onto underlayers . In this case, it may be 
arranged such that, following the first film formation 
step, ordinary continuous CVD-TiN film formation 
(continuous film formation) is sequentially performed 
at a temperature 450t: or more, or film formation using 
the cycle shown in FIG. 2 is performed at an NH 3 
partial pressure of 30 Pa or more (a second film 
formation step). With this arrangement, the throughput 
is improved . 
[0070] 

In this case, the TiN film thickness obtained by 
the second film formation step is preferably set to be 
larger than the TiN film thickness obtained by the 
first film formation step. However, the TiN film 
thickness obtained by the first film formation step may 
be set to be larger. The TiN film thickness obtained 
by the first film formation step is set to be, e.g., 5 
to 50 nm. while the TiN film thickness obtained by the 
second film formation step is set to be, e.g., 5 to 9 5 
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nm. 

[0071] 

Next, an explanation will be given of a second 
embodiment . 

5 As could be understood from FIG. 3 described above, 

where the film thickness obtained by one cycle is 
decreased while the number of cycles is increased, the 
throughput becomes lower, but a high quality TIN film 
can be formed even if the partial pressure of NH 3 gas 

10 G2 exceeds 30 Pa. Accordingly, in this embodiment. 

process conditions are selected in consideration of the 
interaction thereof with the NH 3 gas partial pressure 
and the film quality. 
[0072] 

15 as described above, the film quality of a formed 

film can be judged on the basis of the resistivity. It 
is known that, if the resistivity is 800 MQ-cm or less, 
the film quality is high with very little abnormal 
growth. Accordingly, the NH 3 gas partial pressure and 

20 one-cycle film thickness are determined so that the 

resistivity is 800 U- Q -cm or less. 
[0073] 

FIG. 4 is a graph showing the relationship between 
the NH 3 gas partial pressure P N and the TIN film 
25 resistivity. In this case, the one-cycle film 

thickness T hk is set at 0 . 5 nm. the NH 3 gas flow rate 
F N is set at 30 mL/min, and the wafer temperature T w is 



- 39 - 



set at 400*0. As shown in FIG. 4, along with an 
increase in the NH 3 gas partial pressure P N , the 
resistivity increases to draw a curve. This curve is 
calculated or expressed by the following formula (1) 
5 where R denotes the TIN film resistivity. 

R = 71.576Ln(P N ) + 338.88 ...(D 
[0074] 

FIG. 5 is a graph showing the relationship between 
the one-cycle film thickness T hk and the TiN film 
10 resistivity. In this case, the NH 3 gas partial 

pressure P N is set at 30 Pa, the NH 3 gas flow rate F N 
is set at 30 mL/min. and the wafer temperature T w is 
set at 400*0. As shown in FIG. 5, along with an 
increase in the one-cycle film thickness T hk , the 
15 resistivity increases to draw a curve. This curve is 

calculated or expressed by the following formula (2) 
where R denotes the TiN film resistivity. 
R = 115.75Ln(T hk ) + 662.55 ...(2) 
[0075] 

20 From the relationships shown in FIGS. 4 and 5 , the 

following formula (3) can be obtained, which expresses 
the influence of the NH 3 gas partial pressure P N and 
the one-cycle film thickness T hk on the TiN film 
resistivity R. 

25 R = 115.75xLn(T hk ) + 71 . 576xLn(P N ) + 418.8 ...(3) 

[0076] 

Accordingly, the NH 3 gas partial pressure P N and 
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one-cycle film thickness T hk are determined so that the 
TiN film resistivity R expressed by the formula (3) 
does not more than 800 ^Q-cm. With this arrangement, 
a high quality film with very little abnormal growth 
5 can be obtained. Further, also in this embodiment, the 

total pressure inside the chamber 51 is set to be 
higher than 100 Pa during the film formation to improve 
the step coverage, as in the first embodiment. The NH 3 
gas partial pressure P N can be adjusted by the flow 
10 rate of N 2 gas supplied as a dilution gas. 

[0077] 

incidentally, the TiN film resistivity also 
correlates with the NH 3 gas flow rate F N . and FIG. 6 
shows the relationship therebetween. In this case, the 
15 NH 3 gas partial pressure P N is set at 30 Pa. the one- 

cycle film thickness T hk is set at 0.5 nm. and the 
wafer temperature T w is set at 400^. As shown in FIG. 
6, along with an increase in the NH 3 gas flow rate F N , 
the resistivity decreases to draw a curve. This curve 
20 is calculated or expressed by the following formula (4) 

where R denotes the TiN film resistivity. 
r = -57.685Ln(F N ) + 778.92 ...(4) 
[0078] 

From the relationship shown in FIG. 6 in addition 
25 to the relationships shown in FIGS. 4 and 5, the 

following formula (5) can be obtained, which expresses 
the TiN film resistivity in consideration of the NH 3 
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gas flow rate F N in addition to the NH 3 gas partial 
pressure P N and one-cycle film thickness T hk . 

r = 115.75*Ln(T hk ) + 7 1 . 576*Ln( P N ) - 57 . 685xLn(F N ) 

+ 614 ... (5) 
5 [0079] 

Accordingly, the NH 3 gas flow rate F N can be 
considered in addition to the NH 3 gas partial pressure 
P N and one-cycle film thickness T hk . In this case, the 
NH 3 gas partial pressure P N . one-cycle film thickness 
10 T hk , and NH 3 gas flow rate F N are determined so that 

the TIN film resistivity R expressed by the formula (5) 
does not more than 800 ^Q-cm. 
[0080] 

This embodiment is set on the condition that the 
15 film formation is performed at a low temperature of 

less than 450^, and is arranged to form a high quality 
TiN film with a low resistivity even by such low 
temperature film formation. The TiN film resistivity 
also correlates with the wafer temperature T w . and FIG. 
20 7 shows the relationship therebetween. In this case, 

the NH 3 gas partial pressure P N is set at 30 Pa, the 
one-cycle film thickness T hk is set at 0.5 nm. and the 
NH 3 gas flow rate F N is set at 30 mL/min. As shown in 
FIG. 7, along with an increase in the wafer temperature. 
25 the resistivity decreases to draw a curve. This curve 

is calculated or expressed by the following formula (6) 
where R denotes the TiN film resistivity. 
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r = -2844.6Ln(T w ) + 17568 ...(6) 
[0081] 

From the relationship shown in FIG. 7 in addition 
to the relationships shown in FIGS. 4, 5. and 6, the 
following formula (7) can be obtained, which expresses 
the TiN film resistivity in consideration of the wafer 
temperature T„ in addition to the NH 3 gas partial 
pressure P N . one-cycle film thickness T hk , and NH 3 gas 
flow rate F N . 

R = 115.75xLn(T hk ) + 71 . 576xLn(P N ) -57 . 685xLn(F N ) - 
2844.6Ln(T w ) + 17658.3 ...(7) 
[0082] 

Accordingly, the wafer temperature T w can be 
considered in addition to the NH 3 gas partial pressure 
P N . one-cycle film thickness T hk , and NH 3 gas flow rate 
F N . in this case, the NH 3 gas partial pressure P N . 
one-cycle film thickness T hk , NH 3 gas flow rate F N , and 
wafer temperature T w are determined so that the TiN 
film resistivity R expressed by the formula (7) does 
20 not more than 800 ^Q-cm. 

[0083] 

FIG. 8 is a graph showing the relationship between 
the one-cycle film thickness T hk , which is denoted on 
the horizontal axis, and the TiN film resistivity R 
calculated by a formula (7), which is denoted on the 
vertical axis, where the parameters described above are 
changed. FIG. 9 is a graph showing the relationship 
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between the calculated value and actual value of the 
resistivity. As shown in FIG. 9, until the TiN film 
resistivity reaches 800 wQ-cm, the actual value almost 
agrees with the calculate value. Where the resistivity 
exceeds 800 uQ-cm, the actual value tends to be higher 
than the calculate value. This is so, because the 
resistivity is increased virtually by an increase in CI 
concentration in the film until 800 »Q-cm. but then 
the resistivity is increased not only by the CI 
concentration increase but also by film roughness, 
which rapidly appears due to abnormal growth, from 800 
juQ-cm. In other words, the difference between the 
calculated resistivity and actual resistivity can prove 
the presence of abnormal growth above 800 tfQ-cm. In 
any case, the calculation formula described above 
provides resistivity values almost identical to actual 
values until 800 flO-cm. Accordingly, as long as the 
TiN film resistivity R calculated by the calculate 
formula is 800 M Q-cm or less, it can be said that 
20 hardly any abnormal growth is present. 

[0084] 

According to this embodiment, it suffices if any 
one of the formulas (3), (5), and (7) is held, and the 
total pressure inside the chamber 51 is set to be more 
than 100 Pa. However, in the first step, the NH 3 gas 
partial pressure.- NH 3 gas flow rate, one-cycle film 
thickness, and wafer temperature are preferably set as 
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follows . 

NH 3 partial pressure in first step: 70 Pa or less, 
NH 3 gas flow rate in first step: 10 mL/min or more, 
One-cycle film thickness: 2.5 nm or less, and 
5 Wafer temperature: 300 to 450^. 

[0085] 

In addition, as in the first embodiment, the TiCl 4 
gas partial pressure is preferably set to be more than 
10 Pa and not more than 100 Pa. The other conditions 
10 may be the same as those described in the first 

embodiment . 
[0086] 

As described above, this embodiment is arranged 
such that any one of the formulas (3), (5), and (7) is 
15 held, and the total pressure is set to be more than 100 

Pa. so that a high quality TiN film with a low 
resistivity and no abnormal growth can be formed with 
high step coverage, at a low temperature of less than 
450*0, and preferably less than 400^. With this 
20 temperature, the film formation can be performed 

without causing damage to the under layers even where 
the underlayers include a high dielectric constant film 
used as a capacitor material in DRAM memory sections, 
such as Ta 2 0 5 , Hf O z . HfSiO, PZT, BST. Ru0 2 . or Re0 2 , or 
25 a film sensitive to heat, such as NiSi. used as a 

contact material. 
[0087] 



Also in this embodiment, it may be arranged such 
that the alternate type film formation using the film 
formation gas and reducing gas with the conditions 
described above is performed at a low temperature of 
less than 450*C (a first film formation step) only in 
the initial stage of the film formation until a TiN 
thin film reaches a thickness that dose not have the 
effect on an underlayer, then ordinary continuous CVD- 
TiN film formation (continuous film formation) is 
sequentially performed at a temperature 450*0 or more (a 
second film formation step). With this arrangement, 
the throughput is improved. In this case, as in the 
first embodiment, the TiN film thickness obtained by 
the second film formation step is preferably set to be 
larger than the TiN film thickness obtained by the 
first film formation step. However, the TiN film 
thickness obtained by the first film formation step may 
be set to be larger. Further, as in the first 
embodiment, the film thickness obtained by the first 
film formation step is set to be, e.g., 5 to 50 nm, 
while the film thickness obtained by the second film 
formation step is set to be. e.g., 5 to 95 nm. 
[0088] 

Next, an explanation will be given, with reference 
to FIG. 10. of a case where a TiN thin film formed by a 
film formation method according to the present 
invention is applied to formation of a contact portion 



of a metal interconnection layer. In the example shown 
in FIG. 10, an Si substrate is provided with an NiSi 
film 10 used as, e.g., an interconnection layer, on 
which an interlevel insulating film 11 is disposed. 
The interlevel insulating film 11 has a contact hole 12 
that reaches the NiSi film 10. A Ti thin film 13 is 
disposed on the interlevel insulating film 11 and in 
the contact hole 12. At the connecting portion between 
the Ti thin film 13 and NiSi film 10, a TiSi portion 
10a is formed by diffusion of Ti and Si from the Ti 
thin film 13 and NiSi film 10, respectively. A TiN 
thin film 14 is formed on the Ti thin film 13 at a low 
temperature by a method according to the present 
invention . 

[0089] 

The NiSi film 10 present as an underlayer below 
the TiN thin film 14 is low in heat resistance and thus 
is sensitive to heat. However, according to the 
present invention, since the TiN thin film 14 is formed 
at a low temperature of less than 450^, the NiSi film 
10 does not receive thermal damage, thereby providing a 
good contact . 
[0090] 

On this TiN thin film 14, a metal interconnection 
layer 16 formed of, e.g., Cu or W is further stacked. 
The metal interconnection layer 16 fills the contact 
hole 12 so that it is electrically connected to the 



- 47 - 



NiSi film 10 through the TiSi portion 10a. As 
described above, the TiN thin film 14 can be formed 
while the low resistivity of the TiSi portion 10a is 
maintained, so the metal interconnection layer 16 is 
5 connected to the NiSi film 10 through the TiSi portion 

10a with a good electrical connection. This structure 
can be applied to a case where the underlayer is a CoSi 
film. 

[0091] 

10 N ext, an explanation will be given, with reference 

to FIG. 11, of a case where a TiN thin film according 
to the present invention is applied to a capacitor 
structure, such as a DRAM. In the example shown in FIG. 
11, an Si substrate 20 has an impurity diffusion region 
15 20a connected to a lower electrode layer 21 made of HSG 

(hemispherical grained) poly-crystalline silicon. The 
lower electrode layer 21 has concave and convex surface 
portions to increase the surface area (i.e., to 
increase the charge storage capacity of the capacitor). 
20 A very thin SiN barrier layer 22 is formed on the lower 

electrode layer 21 by an RTN (Rapid Thermal 
Nitridation) process. A Ta 2 0 5 dielectric layer 23 is 
disposed on the barrier layer 22. Further, an upper 
electrode layer 24 is disposed on the dielectric layer 
25 23 including the concave surface portions. The upper 

electrode layer 24 is a TiN thin film formed with high 
coverage by a film formation method according to the 
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present invention. A metal interconnection layer (not 
shown) is disposed on the upper electrode layer 24. 
[0092] 

When the TiN thin film used as the upper electrode 
layer 24 is formed, the Ta 2 0 5 dielectric layer 23 is 
present as an underlayer, which is thermally unstable 
and apt to receive damage. However, according to the 
present invention, since the TiN film used as the upper 
electrode layer 24 is formed at a low temperature of 
less than 450*0, the Ta 2 0 5 insulating layer 23 sensitive 
to heat does not receive damage. Consequently, it is 
possible to maintain good capacitance, thereby 
improving the yield of capacitor portions and further 
the yield of memory devices as a whole. 
15 [0093] 

Next , an 

explanation will be given, with reference to FIG. 12. 
of a case where a TIN thin film according to the 
present invention is applied to a capacitor structure, 
such as a DRAM. In the example shown in FIG. 12. an Si 
substrate has an impurity diffusion region (not shown) 
connected to a lower electrode layer 21' made of poly- 
crystalline silicon. The lower electrode layer 21' has 
fine shapes with a high aspect ratio to increase the 
surface area (i.e., to increase the charge storage 
capacity of the capacitor). Each of the fine shapes of 
the lower electrode layer 21' is set to have an aspect 



20 



25 
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ratio of 12 or more, and preferably 15 to 100. A very 
thin SiN barrier layer 22' is formed on the lower 
electrode layer 21* by an RTN (Rapid Thermal 
Nitridation) process. A Ta 2 0 5 dielectric layer 23' is 
5 disposed on the barrier layer 22'. Further, an upper 

electrode layer 24' is disposed on the dielectric layer 
23' including recess portions. The upper electrode 
layer 24' is a TiN thin film formed with high coverage 
by a film formation method according to the present 
10 invention. A metal interconnection layer (not shown) 

is disposed on the upper electrode layer 24'. 
[0094] 

Also in this case, since the TiN film used as the 
upper electrode layer 24' is formed at a low 
15 temperature of less than 450^. the Ta 2 0 5 dielectric 

layer 23' sensitive to heat does not receive damage. 
Consequently, it is possible to maintain good 
capacitance, thereby improving the yield of capacitor 
portions and further the yield of memory devices as a 

20 whole . 

[0095] 

Next, an explanation will be given, with reference 
to FIG. 13, of a case where a TiN thin film according 
to the present invention is applied to a capacitor 
25 structure, such as a DRAM. In the example shown in FIG. 

13, an Si substrate 30 has an impurity diffusion region 
30a connected to a lower electrode layer 31 made of 
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25 



amorphous Si. A Ta 2 0 5 dielectric layer 33 is disposed 
on the lower electrode layer 31 through an SiN barrier 
layer 32 formed by subjecting silicon to an RTN (Rapid 
Thermal Nitridation) process. Further, an upper 
electrode layer 34, which is a TIN based thin film 
according to the present invention, is disposed on the 
dielectric layer 33. A metal interconnection layer 
(not shown) is disposed on the upper electrode layer 34. 
[0096] 

Also in this case, since the TIN film used as the 
upper electrode layer 34 is formed at a low temperature 
of less than 450*C , the Ta 2 0 5 dielectric layer 33 
sensitive to heat does not receive damage. 
Consequently, it is possible to maintain good 
capacitance, thereby improving the yield of capacitor 
portions and further the yield of memory devices as a 

whole . 

[0097] 

The present invention is not limited to the 
embodiments described above, and it may be modified in 
various manners. For example, in the embodiments 
described above, TiCl 4 is used as a Ti-containing 
compound gas. but another gas, such as an organic Ti 
compound, may be used. Further, NH 3 is used as a 
nitrogen- containing reducing gas, but another gas, such 
as MMH, may be used. In the embodiments described 
above, the present invention is applied to TIN film 



- 51 - 



formation, but it may be applied to another film 
formation of an ordinary metal nitride film, such as 
TaN or WN. Further, the target substrate is 
exemplified by a semiconductor wafer, but it may be 
another substrate, such as a substrate for liquid 
crystal display devices. 



